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ABSTRACT 

It i s  conclud.ed t h a t  chemical f l a r e s  w i l l  n o t  be use- 

f u l  i n  r e l a x i n g  t h e  p r e s e n t  sun-angle c o n s t r a i n t s  for Apol lo  LM 

d a y l i g h t  l a n d i n g s .  

100-pound 20-second f l a r e  would be comparable t o  s u n l i g h t  on ly  

ove r  a r e g i o n  w i t h i n  approximate ly  300 f e e t  from t h e  l a n d i n g  

s i t e .  It migh t  be u s e f u l  f o r  n i g h t  l a n d i n g s .  
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MEMORANDUM FOR FILE 

The q u e s t i c n  has  been r a i s e d  a s  to whether t h e  use  of  
0, ̂ _^^I L :11.--2.-- I 1d.L-ta L O  l l A u t i i u i a t e  the liii-iai- Sui-face d u ~ l i i g  d a Y i L g h t  i a i i d ing  
cou ld  s i g n i f i c a n t l y  r e l a x  t h e  p r e s e n t  sun  a n g l e  l i g h t i n g  c o n s t r a i n t s .  
A b r i e f  a n a l y s i s  i n d i c a t e s  t h a t  t h e  f l a r e  would be  of l i t t l e  o r  no 
h e l p .  The a n a l y s i s  can be  b r i e f l y  summarized a s  f o l l o w s :  

l T O ,  w i t h  t h e  sun  s h i n i n g  from behind and making a n  a n g l e  w i t h  t h e  

pound f l a r e  t h a t  bu rns  f o r  twen ty  seconds  d e l i v e r i n g  a s  v i s i b l e  
l i g h t  50% of t h e  t t a l  chemical ene rgy  a v a i l a b l e  wi th  c h l o r i n e  

a b o u t  15  megawatts,  d e l i v e r i n g  a t o t a l  energy  of  a b o u t  100 k i l o -  
w a t t - h o u r s ) .  

We assume (1) A s p a c e c r a f t  d e s c e n t  a n g l e  of approx ima te ly  

h o r i z o n  between 0 and 60 degrees ;  i l Y  'Y 3 Y 4 Y 5 ) ;  ( 2 )  A one hundred 

t r i - f l u o r i d e  (CTF) ? . ( T h i s  assumes b u r n i n g  a t  a power l e v e l  of  

The twenty  second d u r a t i o n  h a s  been chosen a s  a rough 
compromise between h igh  i n t e n s i t y  i l l u m i n a t i o n s  f o r  s h o r t  t i m e s ,  
and  a s u f f i c i e n t  t ime f o r  a n  a s t r o n a u t  to obse rve  d e t a i l s ,  make 
a d e c i s i o n  and i n i t i a t e  a c hange of' cou r se .  

To c a l c u l a t e  i l l u m i n a t i o n ,  t h e  optimum p o s i t i o n  f o r  t h e  
f l a r e  must be  dec ided .  Due to g l a r e  from t h e  LM windows, t h e  f l a r e  
canno t  be ahead of o r  above t h e  s p a c e c r a f t .  C l e a r l y ,  i t  shou ld  
a l s o  be a s  c l o s e  to t h e  l a n d i n g  s i t e  a s  p o s s i b l e .  Its b e s t  pos i -  
t i o n  i s  b e n e a t h  t h e  LM a t  a d i s t a n c e  to make t h e  i l l u m i n a t i o n  a n g l e ,  
measured from t h e  h o r i z o n t a l ,  about  4' l e s s  t h a n  t h e  v iewing  a n g l e .  
T h i s  g i v e s  t he  b e s t  compromise between maximum r e f l e c t e d  l i g h t  
(which peaks  s h a r p l y  when t h e  b a c k s c a t t e r e d  r a y  i s  d i r e c t l y  a l o n g  
t h e  i l l u m i n a t i n g  r a y ) ,  and a c o n t r a s t  "wash o u t "  t h a t  o c c u r s  a t  
and n e a r  t h i s  peak r e f l e c t i o n ,  ( f o r  i l l u m i n a t i o n  a n g l e s  from a b o u t  
4' below to 300 above t h e  viewing a n g l e  2 ,3 ,4 ,5 ,6) .  
v i ewing  a n g l e  under  p r e s e n t  f l i g h t  p l a n s  i n c r e a s e s  from t h e  i n i t i a l  
d e s c e n t  a n g l e  (lTo), s e v e r a l  miles from touch-downy up to a b o u t  
60° a t  300 f e e t  (which is t h e  l a s t  p o i n t  a t  which t h e  l a n d i n g  s i t e  
w i l l  be v i s i b l e  ' y 3 ) ,  t h e  optimum i l l u m i n a t i o n  would r e s u l t  by sus-  
pend ing  t h e  f l a r e  on a c a b l e  about  100 f e e t  d i r e c t l y  benea th  t h e  
s p a c e c r a f t .  D e t a i l e d  c o n s i d e r a t i o n s  migh t  l e a d  to b r e a k i n g  up 
t h e  s i n g l e  f l a r e  i n t o  s e v e r a l  s m a l l e r  ones,  s e t  o f f  a t  i n t e r v a l s  
a l o n g  t h e  d e s c e n t ,  and perhaps  on e i t h e r  s i d e  of t h e  LM. Such 
t a c t i c s  a p p e a r  t o  o f f e r  o n l y  margina l  improvements, i f  any .  

S i n c e  t h e  
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With these assumptions,  we f i n d  t h a t  r e f l e c t e d  s u n l i g h t  
from t h e  l u n a r  s u r f a c e  swamps ou t  f l a r e  l i g h t ,  f o r  sun  a n g l e s  
between 3 O  and 60°, u n l e s s  t h e  f l a r e  i s  w i t h i n  abou t  300 f e e t  
of t h e  a r e a  b e i n g  examined. T h i s  i s  too s m a l l  a n  a r e a ,  and i t s  
i l l u m i n a t i o n  w i l l  o ccu r  t o o  l a t e ,  to permi t  a s i g n i f i c a n t  cho ice  
of s i t e  by t h e  a s t r o n a u t s .  It might a s s i s t  t h e  a s t r o n a u t s  by 
p r o v i d i n g  a l a s t - m i n u t e  enhanced view of t h e  s u r f a c e  d e t a i l s  b e f o r e  
l a n d i n g .  

F o r  sun a n g l e s  of a few degrees ,  p a r t s  of d e s i r a b l e  
l a n d i n g  a r e a s  (which may be i n c l i n e d  up to 7') w i l l  be  i n  shadow. 
The f l a r e  cou ld  r e l i e v e  t h i s  shadcwing scmzwhat; h o ~ e v e r  s u i a r  
i l l u m i n a t i o n  on h o r i z o n t a l  s u r f a c e s  w i l l  s t i l l  be b r i g h t e r  t h a n  
t h e  f l a r e  " i l l u m i n a t i o n "  u n t i l  t h e  s p a c e c r a f t  i s  w i t h i n  a few 
hundred f e e t  from t h e  touch-down p o i n t .  

Fo r  l a n d i n g  i n  darkness ,  t h e  f l a r e  could  p r o v i d e  a n  
i l l u m i n a t i o n  of from about  30 t imes  f u l l  moonlight  a t  10,000 f e e t ,  
to a b o u t  750 t imes  full m s n l i g h t  (Spproxiii iately t h e  i l l u m l n a t i o n  
l e v e l  of t w i l i g h t  on E a r t h )  a t  2000 f e e t  from touch-down. These 
l e v e l s  w i l l  only be abou t  1/10 a s  e f f e c t i v e  on t h e  moon a s  on 
e a r t h  due to t h e  low a l b e d o  of t h e  l u n a r  s u r f a c e .  D a r k  a d a p t a t i o n  
of t h e  a s t r o n a u t s '  eyes  may t h e n  be a problem i f  t h e  s i t e  i s  n e a r  
t h e  dawn t e r m i n a t o r ,  s i n c e  t h e y  w i l l  have come from t h e  d a y l i g h t  
s i d e  , 

0 
a 

It shou ld  be s t r e s s e d  h e r e  t h a t  a 50% l i g h t  y i e l d  sp read  
v e r  20 seconds h a s  been assumed, whereas on ly  abou t  1% y i e l d  d u r i n g  

few m i l l i s e c o n d s  h a s  y e t  been achieved  In V ~ C U U Y . .  ( F l a r e s  s u f f e r  
a s e v e r e  d rop  of e f f i c i e n c y  a t  low p r e s s u r e s 8 y 9 ) .  
d.evelopment w i l l  t h u s  be r e q u i r e d  b e f o r e  t h e s e  c o n d i t i o n s  can be  
met .  

Cons iderable  

Conclus ions  

U s e  of a f l a r e  o f  r ea sonab le  weight w i l l  n o t  r e l i e v e  t h e  
p r e s e n t  l a n d i n g  c o n s t r a i n t s  imposed b y  sun  i l l u m i n a t i o n  a n g l e s .  It 
could a s s i s t  on ly  i n  enhanced d e t a i l  viewing of t h e  s u r f a c e  j u s t  
b e f o r e  l a n d i n g  i n  d a y l i g h t .  If l a n d i n g  a t  s u n r i s e  o r  i n  da rkness  
i s  r e q u i r e d ,  t h e  f l a r e  would b e  u s e f u l  if d a r k  a d a p t a t i o n  can be 
ach ieved  i n  t i m e .  From t h e  crew s a f e t y  s t a n d p o i n t ,  t h e  haza rds  o f  
c a r r y i n g  on board 100 pounds o f  e x p l o s i v e  m a t e r i a l  and s e t t i n g  off 
a 15 megawatt f l a r e  100 f e e t  from t h e  s p a c e c r a f t  would have to be  
c a r e f u l l y  weighed a g a i n s t  i l l u m i n a t i o n  advan tages .  
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